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PHYSICS 
Under the direction of F. H. Spedding, G. W. Fox, -B. c. 
Carlson, G. C. Danielson, C. L. Hamm~r, D. E. 
Hudson, E. N. Jensen, J. M. Keller, 
s. Legvold, D. J. Zaffarano, 
c. A. Swenson 
Theoretical Physics 
1. Magnetic properties of dysprosium (J. M. Keller)* 
5 
A report (ISC-729) entitled "Ferromagnetic-AntiferromagQet±c ~ 
Phase Transitions" by T. J. Hendrickson and J. M. Keller is being 
prepared for distribution. 
* 
Abstract 
The problem of ferromagnetic-antiferromagnetic phase 
transitions for a system in which the angular momentum per 
atom has the magnitude J is studied in the molecular field 
approximation. Both ferromagnetic and antiferromagnetic 
interatomic interactions, which are slightly temperature 
dependent, are assumed to exist between certain nearby 
neighbor atoms. An anisotropy energy is introduced of the 
form which arises from the effect of crystal fields. The 
structure is subdivided into sublattices, and the partition 
furiction Z is derived. From Z are obtained the free energy 
F and the equations which determine the average angular 
momentum per atom of each of the sublattices • 
• 
Under the assumption that only first, second, and third 
nearest neighbor interactions are significant, various 
ordered arrangements are found for the hexagonal close-
packed structure, when it is subdivided into six and into 
eight hexagonal sublattices and the applied magnetic field 
is zero. 
The molecular field equations are solved for arbitrary 
magnitudes and directions of the applied magnetic field and 
for arbitrary temperatures, under the assumption that there 
are only two inequivalent angular momentum orientations in 
Names indicate group leaders in charge of work. 
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the crystal » so that the structure may be s ubdivided into 
just two sub lattices. The ' r e lat i ve stab i l i t y of the various 
ordered state s ·is investigated. 
' 
Ca lculatio~s are made for J : l 5/2$ which corresponds to 
the case of dyspros i um metal . The par ameters giving the 
magnitude and , temperature dependence of the molecular field 
coefficients are chosen so · tha~ t he f erromagne t ic-antiferro-
magne t i c trans i tion temperature » t he N~e l t emperature, and 
the pa rama gri.et i c ·Curie ·temperature coincide wit h t he values 
for dysprQ~ iu~. · The co~fficient gi v i ng the magnitude of the 
anisotropy 1~ s e l~oted so that the phenomenon of nspin flop" 
occurs f or m~gnetic fiel~s of the correct order of magnitude. 
The .theOfY predicts the followin~ effects f or s-ingle · 
crys tald. Fpr temperatures i n :the antiferromagnetic range, 
a large ani~6t~opy in the singl e crystal susceptibility is 
expec t ed. The .. p~rallel suscept i bil i ty ., for weak fields 
para lle l to '~h~ ~referted axis ot alisn~e nt of the angular 
mome nta» be~a~~s like . th~t of a normal antiferromagnetic, 
decrea s ing ·steadily with d~crefi~in,g t emperature. The per-
pendicular susceptibility» for weak f i elds perpendicular to 
the pre f erre.!$· ·axis»' increases str'ongly and · monotonically as 
the tempel)'ature ' dec:/:'(3ases . Fpr t emperatures i n the an~i­
ferroma_gne ti(f rfAnge and for magnetic ·fi e lds making small 
a ngl es wi t'Q: .the· preferred axis» ' tpe phenomenon of "spin flop" 
occ urs. · The ~ngular mom~nta un,dergo a sudden change in their 
direc tions ·of'' alignp~ent as the ~pp],ied magne t i c f ield in-
creases . thr.ough· a critica 1 value and · the corr esponding mag-
ne t i zat1on ourve~ are discont inuous. The ' t emp era ture of the 
ferromagne tic~antiferromagnetiy transi t ion in magnetic fields 
paralle l to .the preferred axis is a strong fun ction of the 
app l ied f ield» 1h.creBa1.n.g \lfitn incre~sing f ield . For mag-
netic f ie lds which · exceed a c~rtain Critical value . the 
ferroma gnetic~antiferromagnettc tran~it !on does not occur 
at all» and the system remains in the f errbmagnet ic arrange-
ment for all t empera t ures. 
The f o!;l,qwing r~sults are 'obtained for polycrystalline 
dysprosium.' ... Th~ expe rimeqtally , me.~~llred sqsceptibility, 
which for a ·.'polycrysta1line .sample is a weighted average of 
the suscepti~ i l ities parallel and p erpe nd i cul ar to th~ pre-
ferred ?X i ~ · ~~ ·~ single cr~stal, ~o~s . through a minimum at a 
temperature :. s l ightly be low :th,e N:ee l t emperature .• and then . 
increa~e~ ~6 Very Iarge , val~es a s· the t empera ture decreases 
toward the t emperature 'of the f erroma gnetic -ant iferromagnetic 
transition. The ' theoretical pol ycrystall i ne susceptibility 
shows qual itativ~ ly the same pe hB:~itor. The s h~rp peak in 
' .. 
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the heat capacity at the temperature of the ferromagnetic-
antiferromagnetic transition should become smeared out in 
7 
the presence of large external magnetic fields. This should 
happen because the transition temperature for a single 
crystal depends strongly upon the orientation of the magnetic 
field relative to the crystal. A similar effect should 
appear at the N~el temperature» except that there the effect 
is less pronounced. 
2. Binding energy of light hyperfragments (J. M. Keller) 
There is considerable experimental evidence for the existence 
of hyperfragments--nuclei containing a hyperon, primarily a ~o-­
which are stable for a time of the order of the lifetime of the 
free ~o~ or about 10-10 sec. The purpose of the present calcu-
lations is to see how much can be learned about the hyperon-nucleon 
force from a rather simple model» and also to draw possible conclusions 
concerning the spin and parities of the particles involved. 
It is believed that the force between a /1o(assumed to have 
spin 1/2) and a nucleon is primarily due to exchange of virtual 
heavy mesons» probably 9o. So a space exchange, spin dependent 
potential was assumedi with a radial dependence of the form (ar)-1 
exp(-ar), and with a set to equal to 2.96 x 1013 cm-1, the 
reciprocal Compton wave length of a Go meson. The calculations 
have been made on hyperfragments through mass 5, and it has been 
assumed that only S wave functions are required to describe the 
nucleons and hyperon in the hyperfragment. The form of wave 
functions used is 
exp L~b ( i_ rij 2) 1/2 J. 
The sum is extended over all pairs of particles. The scale 
parameter b has been varied to minimize the total hyperfragment 
energy. Tnen constants in the potential are selected to give 
binding energies in agreement with experimental values for 
hyperfragments of mass 3 and 4, and in agreement with the -observed 
instability of the hyperdeuteron (a /1, bound to a proton). 
The best fit to these data is a strongly spin-dependent 
potential of the form 
Vij :: -P (1 + 0.907:;_ ·.:;) 197(arij)-1exp(-arij) 
The space exchange ch~racter of this potential is indicated by 
the opera tor P; the a- are Pauli spin opera tors. Energy units 
are Mev. This potential favors parallel spin orlentation of 
• 
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the /\o and nucleon, largely a consequence of the instability 
of the hyperdeuteron" A result of this s~in-dependence, combined 
with some earlier observations of Dalitz, is that tm :parity of the 
Ao is even" This assignment is in contradiction with some 
experiments concerning the eo meson, and sugge~ts that perhaps - -
other heavy mesons are also involved in the /fo nucleon interaction. 
The conclusion concerning spin-dependence of the hyperon-
nucleon force is unfortunately somewhat sensitive to the details 
of the calculation" An error of five percent in the variational 
calculation of total energy of both mass 3 and mass 4 hyperfragments 
could invalidate this conclusion" 
The binding energy of the mass 5 hyperfragment comes out 
disappointingly large when based on numbers quoted above. But 
this is believed due in large part to neglect of nuclear tensor 
forces, in accord with similar calculations on ordinary nuclei. 
It is hoped to extend these calculations to allow two variation 
parameters in the wave functions» and to include the nuclear 
tensor interaction" 
3e Beta Decay of cl4 (Bo CQ Carlson) 
The shape factor for beta 
(for an ST interaction ) to be 
decay of c14 has been calculated 
GT2 (ff3~ ) *: • { Lo frJ1-
-(4qN0/3) Jwrr-.~)? + 
+ (2q/3) (N0 - 1/2 qL0 ) f ~(f rz. 
2 (N0 - qL0 /3) f (3~ X r}. 
This expression disagrees in several respects with Zweifel (Phys. 
Rev. 95, 112, 1954) and differs in one sign from Fujita and · 
Yamada-(Progress of Theoretical Physics, 10, 518, 1953). For 
Z = 0, it checks with a previous plane-wave calculation. 
The retarded matrix elements have been calculated for a p-2 
configuration. In the notation of Sherr et al. (Phys. Rev. 100, 
945, 1955) they are -
f(fi~·r:J~ = (<r~>jJrs)(iiD c<x + :2.0- r)( + 3 a'a-) ) 
}( (3J X ~):e ::. ('/tg~?j(Y6) ( l.f-o(_ _,"[[f.. + (? () ~ ; 
r~~ r ..__ negligible" 
1 Ro Ho Dalitz, Nuc, Phys~ 1, 372 (1956)o 
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Numerical calculation of the shape factor is hindered by 
the fact that J (3a:- = - J;. is a small difference .between two 
large terms, according to the view that the long cl4 lifetime results 
from an acciden·tal cant~ellationo One must use the~ft value in 
conjunction with the above results to show that 10;;.. lf;J is 
approximately 2o6 if fJ(]"> (T~x ("positive matrix element") or 
1.6 in the opposite ("negative'1 ) case. In either case the 
interference terms between J~ and the higher-order matrix 
elementS,p particularly { (3~ X t Sl make a remarkably large 
contribution to the decay probability~ roughly half as much as the 
direct term in If;/'~ • The contribution is nearly independent of 
energy; the shape fac·tor given above rises 2% with increasing 
energy in the case of a positive matrix element, or drops 1% in 
the negative caseo 
The available experimental data have statistics capable df 
discriminating between these alternatives, but the data appear 
from numerical analysis to be inconsistent with the assumed shape 
factor,p which is very closely approximated by a linear function 
of kinetic energy even when pseudoscalar and axial vector coupling 
are included. The inconsistency may be due to systematic errors 
(or possibly to terms involving o'nly higher-order matrix elements) 1 
and a repetition of the experiment with more careful calibration 
and better statistics is being undertaken by one of the Experimental 
Physics groups. Limits on the pseudoscalar coupling constant cannot 
be found until consistent results are obtained for the slope of 
the experimental shape factoro 
4. Orthogonalization of Wave Functions (B. c. Carlson and 
Jo M. Keller) 
A useful alternative to the Schmidt procedure for orthonormal~ing 
a set of wave functions is the "symmetrical" method originated by 
Landshoff and Lowdin. This method has been shown, by proving a 
theorem stated belowJ) to yield that (unique) set of orthonormal 
functions which best approximates the original set in a least-
squares senseo Since Wannier functions may be obtained from 
atomic orbitals by the symmetrical procedure, the theorem clarifies 
the assertion that Wannier functions are localized: they approximate 
the atomic orbitals more closely than do the functions of any 
other or.thonorma 1 set. 
The theorem is the following statement: Given a set of n 
linearly independent complex functj,ons (or vectors) fi (i = l, ••• ,n), 
then those orthonormal functions ' i which minim1,ze ~A... II <P..:.- :f .. dl ~ 
are determined uniquely to be ~ i = '2jf.i ( 1J. -1/2) ji" where L:::. is 
the positive definite Hermitean matrix with elements 
10 ISC-758 
Llij = (fi~ fj) and ..6-112 is the inverse of the (unique) 
positive definite Hermitean square root of ~ • 
Experimental Physics 
1~ Nuclear Studies 
1,1 Excitation of Isomers by High Energy X-rays (c. L. Hammer) 
I 
The excitation of isomers in the region of the deformed 
nuclei by X-rays from the Iowa State College 75 Mev synchrotron 
has now been completedo The following table summarizes the 
experimental results: 
Table I 
Isotope /'/.:..Ray Energy Half-life Conversion Multipole 
Kilovolts Coefficient Order 
wl81 366 + 4 l4,4 .! 3 micro 0.3 .! .03 25% E2 + 
- 75% M2 sec. 
Lul74 131 + 2 75 + 2 micro 0.5 + o.1 E2 
- -sec. 
Hol63 305 + 3 Oo8 + 0.1 sec. E3 
-
Erl671 169 213 + 2 2o5 + 0.1 sec. o.6 + 0.1 E3 
Tbl58 X7 ray 11 ,.0 
observed 
+ 0,2 sec. )10 M3 
-
These experimental data are in complete agreement with the 
shell model for nuclear forces proposed by Nilssonl and therefore 
tend to substantiate the extension of this model to include at 
least the first excited states of nuclei with large deformations. 
1 s. G. Nilsson, KGl. Danske Vedenskab. Selskab1 Mat-fys. 
Neddo 29, No. 16 (1955)~ 
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lo2 Fulse Height Analysis (D. Jo Zaffarano) 
The multichannel pulse height analyzer developed for the study 
of spectra from short lived radioactive nuclidesl has been redesigned 
and simplified in accordance with the experience gained from its 
use over a period of two yearso The system now consists of a 
rudimentary oscilloscope used for pulse presentation~ a 35 mm 
moving film camera~ and a simplified scanner which automatically sums 
and graphs the number of pulses which fall in each of 230 discrete 
intervals or "channels"o Results obtained with this instrument; 
which is simple# fast and accurate~ are illustrated in Figure 1. 
The equipment has been used to measure the lifetimes of 
isomeric states in the microsecond range~ and the energies of the 
radiations therefromo 
2. Solid State Studies 
2ol Thermal Diffusivity and Electrical Resistivity of Thorium 
(Go Co Danielson) 
The thermal diffusivity and the electrical resistivity of 
thorium have been measured in the temperature ranges 200-1000•c 
and 50-1000°C respectively. Both measurements were made on the 
same sample which had been previously annealed at goo·c. The 
electrical resistivity~ as shown in: Figure 2, increases with a 
decreasing slope from about 18 microhm-em at 250°C to 72 
microhm-em at 1000°Cc Considering the sensitivity of the physical 
properties of thorium to impurity content and to past mechanical 
and thermal history 1 these results are in good agreement with 
results previously reported by this laboratory.2 
The results of the thermal diffusivity measurements on the 
same sample are shown in Figure 3. The thermal diffusivity of 
thorium was found to decrease approximately linearly from about 
0.28 cm2/sec at 150°C to 0 0 17 cm2/sec at 700·c~ to exhibit a 
broad minimum between 70o•c to 85o•c, and then to increase 
approximately linearly from Oel7 cm2/sec at 85o•c to about 0~19 cm2/sec 
at 1000°Co While these results were not obtained simultaneously 
1 Hunt~ Rhinehart~ Weber and Zaffarano~ Revo Sci. Instr. 25~ 
268 (1954). 
2 Ames Laboratory Staff~ ISC-575 (1955). 
Figure 1- Y-Ray Spectrum of Cobalt 60 Obtained with Scintillation 
Spectrometer and Displayed with Photographic Pulse Height 
Analyzer. 
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with the electrical resistivity results 6 the two measurements can 
be considered as l"'epresentative of thorium with essentially the 
same past history and purity~ since no l arge thermal cycling 
effects were observed in either measuremento The broad minimum 
in thermal diffusivity at 800°C was observed each time the sample 
was measul"'ed and is bel:teved to be real<:) Subsequent measurements 
on nickelp whose thermal diffusivity is about the same magnitude as 
that of thorium 3 did not indicate any abnormal increase in 
diffusivity in this temperature rangeQ This indicates that the 
observed behavior in thorium · is pr•obably not instrumental in 
natureo It should be pointed out , however, that our thermal 
diffusivity measurements in this temperature range are somewhat 
susceptible to instrumental error and one should be especially 
careful in interpreting results obtained in this regiono 
Initia l thermal diffL1sivity measurements on this sample 
indicated a pronounced peak in thermal diffusivity in the 
350-550°C regiono This peak was not reflected 1in the electrical 
resistivity results~ The cause for this behavior is not under-
stood at this time, and further measurements should be made to 
resolve this observational dlacrepancyo 
Both the electrical resistivity and t he thermal diffusivity 
can be used independently to calculate the thermal conductivity. 
Using the Wiedemann Fl'"'anz-I:o!'entz relation K:L 8/p where L is 
the theoretical Lo:r'entz constantj) 0..,5853 (lo-8) cal-ohm/sec-deg2, 
G is the absolute temperatut•e and p is the resistivity in ohm-em, 
the thermal conductivity rt7.SUl't sho1<1n by the calculated curve in 
Figure 4 is obtainedo This is in reasonably good agreement with . . 
the measured thermal conductivities reported by other observers.~' 2 
The result calculated from resistivity data is expected to be a 
few percent lower than the direct measurement 9 since the 
calculated values do not include any lattice conductivityo 
From the thermal diffusivity data shown in Figure 3 and 
the relation K = kcd 9 where k is thermal diffusivity, c is 
specific heat and d is densi~y. another independent thermal 
conductivity (K) value can be calcuJ.atedo Unfortunately, high 
temperature specific heat data for thorium are not available so 
this calculation cannot be made at this timee Spedding~ Miller 
and Flynr!3 have obtained a value of 6 .61 cal/mole-deg for the 
specific heat of thorium at 200~C o With this value for specific 
heat, a density of llo6 gm/cm3and the observed thermal diffusivity 
1 Lo Lo Marsh and J~ R~ Keeler 8 BMI-76o 
2 Ro Co Westphal 9 AECD-3864o 
3 F .. H o Spedding, C e F o Miller and J o Po Fl~rnn, unpublished work, 
Ames Laboratory 9 Iowa State College ' (1952)o 
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at 200°C; a thermal conductivity of Oo0888 cal/sec-cm-deg is 
obtainedo This value is in excellent agreement with that calculated 
from resistivity data at this temperatureo To obtain equally good 
agreement over the remainder of the temperature range up to 
1000°C the specific heat would have to increase to a maximum of 
about llo5 cal/mole-deg at 800°C, then decrease to about 9.96 
at 1000°Co Specific heat measurements using a pulse technique will 
be attempted either to verify or to refute this predicted 
behavior. 
2o2 Electrical Resistivity of Thin Films of Potassium 
(Go Co Danielson) 
The electrical resistivity of thib potassium films at 100°K 
has been measured as a function of thickness in the thickness 
range 148 to 1600 Ro The experimental results are in excellent 
agreement with FuchsR theoretical predictions in the range 500 to 
1600 R and show that the scattering of the electrons at the film 
surfaces is completely diffuseo Below 500 R the discrepancies are 
attributed to agglomera,tion. Comparison of experimental and 
theoretical curves gives a bulk resistivity parameter of 1.85 
microhm-em, a mean free path of 1180 R, and an electron to atom 
density ratio of 1 0 01. 
The films v'lere deposited on· a pyrex glass substrate from a 
beam of potassium vapQr in a vacuum chamber in which the pressure 
was less than 5 x 10-~ mrn of Hgo The film thickness, in each 
case, was computed from a known beam intensity, exposure time, 
and film density o A su:t."'fac.e ionization detector was used to 
calibrate the beam intensity (J'l) as a function1 q~ effusion oylr 
temperature (T0 )o The linear plot of log (J1T0 I ) versus T0 
gave a heat of sublimation for potassium at 450°K of 21 . 1 k 
cal/mole in good agreement with- Brewer's2 value of 21.4 k cal/mole 
within our experimental error. 
2.3 Electrical Properties of Evaporated Carbon Films 
(G. c. Danielson) 
Uniform thin films of carbon in the thickness range 100 to 
2300 i have been prepared by arc evaporation in vacuo. Large 
direct currents permitted evaporation rates of approximately 50 R 
1 Ko Fuchs, ProcQ Cambo Philo Soco 34, 100 (1938). 
2 L. Brewer, UCRL-2854 (rev.) 1955o 
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per second. The properties of these films suggest that ·unannealed -
arc-evaporated carbon had less long-range order and was, therefore. 
more truly amorphous in structure than any other form of · carbon -
yet obtained. After the films had been heated to 12oo•K,. however~ 
their properties were similar to ordinary fine-particle carbon 
blac~s, apparently as a result of increased ordering in graphite 
layers without ordering between layers. 
The electrical resistivity of unannealed films followed 
Ohm 1s law and was not photosensitive. Their resistivity eould be 
well represented in the temperature range 77•,:. to 300•K by the 
equation R = AT-b, where b : 5. When the carbon films were 
heated above room temperature, the resistivity and the exponent b 
were both decreased substantially. After the films had been 
annealed at 1200°K, the resistivity was reduced by a factor 
exceedin~ 800, and could be best represented, in the -temperature 
range 77 K to 12oo•K, by the equation R = o'- t9T. The values 
of the resistivity, temperature coefficient of resistivity, and 
thermoelectric power of the annealed films were bhen more nearly 
in agreement with the corresponding values for ordinary fine-
particle carbon blacks. 
Hall voltages could not be! ·observed with our equipment for 
either unannealed or annealed carbon films. No infrared absorption 
bands indicating possible bond resonances were observed. Electron 
diffraction pictures were similar to the X-ray diffraction pictures 
of fine-particle carbon blacks~ No structure was visible with an 
electron microscope. 
2.4 Electrical Properties of Magnesium Plumbide 
(G. c. Danielson) 
Preliminary resistivity and Hall measurements on single 
crystals of Mg2Pb in the temperature range 70•K to 300•K, reported 
in ISC-645, indicated that Mg2Pb (in contrast with Mg2Si, Mg2Ge~ 
and Mg2Sn) behaves more like a metal than a semiconductor. The 
resistivity measurements have now been extended down to 2°K on 
two single crystals grown from chemically pure constituents. 
The resistivity as a function of temperature is shown in 
Figure ·_Q-. A sharp drop in resistance between 4 •K and S•K 
suggested a superconducting transition. The resistance did not 
vanish, however, but decreased only by a factor of ten. Such 
changes in ~esistance could be caused by a short circuit resulting 
from superconducting lead in a surface layer. 
A more reliable test for super-conductivity is the vanishing 
of the flux density (Meissner effect), since this effect depends 
upon the volume of superconducting material and cannot be 
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short-circuitedo A test for the Meissner effect in Mg2Pb showed 
the effect to be absent~ Hence super-conductivity of Mg2Pb is 
unlikely and the decrease in resistance is attributed to super-
conducting lead on the surfaceo 
2.5 Electrical Properties of Copper Selenide (G. c_ Danielson) 
The resistivity and Hall effect of two samples of copper 
selenide have been measured over the temperature range 100 to 
300°K. Laue pictures indicated that the samples were single 
crystal~. Sample 4A had a room temperature resistivity of 
7 x 10-~ ohm-em; sample 3R had a room temperature resistivity 
of 3 x l0-3 ohm-em. 
The resistivity data are shown in Figures .6 and 7 and the 
Hall data in Figure 8. The samples were rapidly cooled to 1oo•K 
and the resistivity and Hall measurementswere taken while the 
cryostat slowly increased in temperature to 300°K. Three runs 
were made on each sa~ple according to this procedure. The fourth run 
on sample 3R (see Fig 0 6) was made after the sample had been 
annealed for one hour at 15o•c. 
The most spectacular feature of these measurements is the 
large non-reproducible resistivity peak at 200°K in the first run. 
This peak is possibly associated with a cubic-tetragonal phase 
change at 10o•c or higher. Some evidence for this hypothesis is 
given by the fact that the peak, 9lthough much smaller in height, 
could be reproduced (Run 4, Fig. b) after the anneal at 150•c. 
The anomaly should be investigated further. 
A second feature of these measurements below 170•c is the 
increase with decreasing temperature, of the resistivity and the 
positive Hall coefficient of sample 3R. This behavior is character-
istic of a p-type semi-conductor-in which acceptors are ionized 
to give positive charge carriers below 170•K; but, from 170•K 
to 300•K, the acceptors are all ionized (exhaustion or saturation 
region). The p-type behavior of this semiconductor below 170°K 
might conceivably be caused by a deficiency of copper atoms in 
the compound Cu2Seo 
2~6 Inductance Studies (G. c. Danielson) 
A report (ISC-716) entitled "Inductances of Sin~le Layer 
Cylindrical Coils for Induction Heating Applications ' by 
c. R. Whitsett was distributedo 
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Abstract 
The self-inductances of single-layer coils of 
ci~cular cross section tubing woumd on cylindrical forms 
have been calculatedo Tables and graphs of the 
inductances for coils having mean radii of 1 to 8 em, turns 
per inch of 1 to 61 and total number of turns of 1 to 50 
are giveno li'rom the tabulations the inductances tJ.tL·many "2. ... 
coils used for small-scale laboratory induction heating 
may be found. 
2.7 Mass Spectrometric Studies of Metallic Phase Transitions 
(Do E~ Hudson, Fo Ho Spedding) 
We reported previously (ISC-707) the result of a · series of 
five determinations of the heat of vaporization of aluminum near 
1300.K; AH1300 = 73~6 + 0.5 Kcal/moleo Three new runs have · 
been made and the results analyzed by a least squares procedure. 
A weighted mean of the results of all eight good runs gave 
A H1-=s27 = 73¢5 .:!: Ool~ Kcal/mole. The error quoted is a standard . 
deviation obtained by combining the statistical error (0.28 
Kcal/mole) with all residual instrumental errors (0.21 Kcal/mole). 
A thermodynamic calculation was made to reduce our result to ·the 
heat of sublimation at 298°K: . .6:. H2g8 = 78 0 0 + 0.4 Kcal/~ole. The 
best previous value of A H298 was 77o5.:!: 1.5-Kcal/mole. The two 
results are in good agreement within the rather large uncertainty 
quoted for the earlier worko 
Extensive data were taken on the temperature dependence of 
the ion beam currents for samarium, thulium, and ytterbium in 
the solid state. The heats of sublimation are given below. 
Element 
Samarium 
Thulium 
Ytterbium 
Temperature 
(T) °K 
812 
937 
667 
Ll HT 
Kcal/mole 
48.7 + o.4 
56.2 .:!: o.4 
39.5 .:!: 0.5 
These measurements were made on samples of the highest purity 
obtainable at the Ames Laboratory and may safely be considered 
1 L. Brewer and Ao Searcy~ J~ Am~ Chern~ Soco 73, 5308 (1951). 
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to be characteristic of the .pure metals. The values on samarium 
and ytterbium are the only ones known to us" The value for 
thul..t.t1m agrees satisfactorily with an unpublished preliminary 
result of Barton and Speddingl who found 55"6 Kcaljmole. 
The present results on rare earths are very interesting since 
it had been previously believed that all of the series 'had nigh 
and similar latent heats~ of the order of 70 - 80 Kcalt~ole. In 
view of the chemical and structural similarities# valu~s of 
40 Kcal/mole are really surprising" Thermodynamic reduction of 
the data to the same temperature will only increase the numerical 
difference so 
2o8 Mass Spectroroeter Ion Detector (Do E" Hudson) 
A report (ISC-783) entitled "A Mass Spectrometer Ion 
Detectorn by -Olaf Trulson and Do E. Hudson is being prepared for 
distributiono 
Abstract 
The pur•pose of this investigation was to provide a 
multiplier tube as an ion detector for a mass spectrometer. 
Such a detector would measw."'e currents lower than · could be 
measured with an electrometer currently available. The 
chosen design consisted of a converter dynode used in 
conjunction with the dynode structures from a commercial 
Dumont 6292 multiplier tubeo The converter structure acted 
as a collector of incident particles. Secondary elect~ons 
emitted from the converter surface were collected and 
amplified by the multiplier structureso 
Fabrication of the converter dynode required solutions 
for two problems. The first problem concerned the shape 
of the converter structureo The second problem concerned 
processing the converter surface to obtain high gaino The 
shape of the converter had to be such that all secondary 
electrons emitted from the converter were collected by the 
multiplier first dynode~ A proper converter shape was 
determined from a rubber membrane model. Silver-magnesium 
alloy was used as the secondary emitting surfaces. These 
surfaces were heated ·to 700°C in an oxygen atmosphere for 
processingo Gain determinations were made and found to be 
greater than five fo~ properly processed surfaces. 
The converter was mounted on the multiplier structure. 
Overall gain determinations were made with the converter-
multiplier unito These determinations were made as a 
function of surface region of an incident electron beam 
on the convertel"' and as a function o.f the potentials applied 
1 R. Barton and F. Ho Spedding, Private Communication, Ames 
Laboratory (1956)o 
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between multiplier electrodes. OVerall gain of the 
converter-multiplier unit was found to be greater than five 
thousand. From the r esults of multiplier gain measurements, 
one can conclude that the multiplier structure would be a 
suitable detector for a mass spectrometer. 
2.9 Thermal Expansion of Rare Earth Metals (s. Legvold and 
Fo H. Spedding) 
A dilatometer employing an optical interferometer for high 
sensitivity was used for measuring the thermal expansion of rare 
earth metals at temperatures ranging up to goo•c. - Rare earth-
metals lanthanum, cel'"ium, Pl"aseodymium., neodymium, gad6linium, 
terbium, dysprosium., erbium and ytterbium were studied. 
The phase transition from h.c.p. to foilc.c. in lanthanum 
was observed to take p_ace at 310°C when the temperature was 
increasing; a decrease in volume at the transition of 0.3 percent 
was observed. Plastic flow or creep was observed for La, Ce, 
Pr, and Nd at tempera·!;u.l·~s some 50 degrees below their melting 
points; this indicates a pronounced softening of the metals and 
is unusual. In spite of the high creep it was possible on the 
cooling runs to observe high temperature phase transitions in 
Pr and Nd. There was a sharp decrease in volume of 0.1 percent on 
cooling for Pr at 792°C and at 867•c for Nd. These temperatures 
agree well with the cooling curve breaks and resistivity anomalies 
observed for these metals . 
Measurements on gadolinium., terbium and dysprosium were 
extended to near nitrogen temperatures so that magnetic transfor-
mations for these metals coul d be observed. Negative coefficients 
of expansion (i . e •• cont~action of the metals with increasing 
temperatures) were o~served below the Curie points of Gd and Tb 
and below the N~el point of Dy. 
2.10 The Magnetic ~!o~rties of Gd-Y Mixtures (s. Legvold 
and Fo H. Spedding) 
Alloys of gadol:i..nium with yttrium were studied to determine 
the effect of the magnetically inert yttrium on the magnetic 
behavior of gadolinium . All mixtures had the h.c.p. structure 
as expected. Mixtures with less than 33 atomic percent yttrium 
were found to be ferromagnetic and the curie point was lowered 
with increasing yttrium concentrationo When the concentration 
of yttrium was increased beyond 40 atomic percent the alloys were 
found to be antiferromagnetic and the Neel point was observed to 
decrease as the concentration of yttrium was increased. 
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2ell Single Crystals (s. Legvold and F. H. Spedding) 
Efforts t6 grow single crystals of the rare earth metals 
were continuede Many att·empts to pull single crystals from a 
melt were unsuccessfulo By using the method of Bridgeman, 
however, a single crystal of neodymium about 3 mm on an edge 
and a single crystal of dysprosium about 4 mm on an edge were 
obtained. 
Magnetic measurements were made on the neodymium single 
crystal and paramagnetic anisotropy was observed with the 
susceptibility higher in the a0 'direction than in the c0 
direction of the heCoPo lattice. Measurements at hydrogen 
and helium temperatures on ·the neodymium single crystal also 
revealed strong anisotropy. 
Measurements on the dysprosium sample are presently underway. 
2.12 Superconductivity of La-Rich Alloys (s. I,egvold and 
F. H0 Spedding) 
Work continued during this period on alloys of lanthanum 
with yttrium, lutetium and ytterbium. In the absence of magnetic 
fields the following transition temperatures were observed: 
Alloy Ts 
100% La (two transitions) 5.8•K and 4.6•K 
95% La - 5% Yb 4.o·K 
80% La - 20% Lu 3o4°K 
85% La - 15% y 3ol 9 K 
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Destination 
General Electric Company 
ANP Department 
Cincinnati, Ohio 
General Electric Company 
Richland, Washington 
Dow Chemical Company 
Midland, Michigan 
Dr. J. F. McClendon 
ISC-758 
Albert Einstein Medical Center 
Philadelphia, Pennsylvania 
Brookhaven National Laboratory 
Upton, Long Island, New York 
Dr. Thomas c. Hoering 
Department of Chemistry 
University of Arkansas 
Fayetteville, Arkansas 
Battelle Memorial Institute 
Columbus, Ohio 
Item 
1 gm cerium oxide 
1 gm lanthanum oxide 
1 gm praseodymium oxide 
1 gm neodymium oxide 
1 gm samarium oxide 
1 gm gadolinium oxide 
1 gm yttrium oxide 
100 mg terbium oxide 
100 mg dysprosium oxide 
100 n~ holmium oxide 
100 mg erbium oxide 
100 mg ytterbium oxide 
100 mg thulium oxide 
100 mg lutetium oxide 
1 gm lanthanum oxide 
1 gm cerium oxide 
1 gm praseodymium oxide 
1 gm neodymium oxide 
1 gm samarium oxide 
1 gm gadolinium oxide 
1 gm yttrium oxide 
100 mg terbium oxide 
100 mg dysprosium oxide 
100 mg holmium oxide 
100 mg erbium oxide 
100 mg ytterbium oxide 
100 mg thulium oxide 
100 mg lutetium oxide 
20 lbs. anhydrous thorium 
1 gm special hafnium oxide 
20 mg holmium oxide 
2 samples N15 
2 gm terbium metal 
2 gm erbium metal 
2 gm ytterbium metal 
2 gm holmium metal 
2 gm praseodymium metal 
ISC-758 
Destination 
Research Laboratories of Colorado, Inc. 
Newtown, Ohio 
Dr.. T. J • Bond 
Department of Chemistry 
Baylor University 
Waco, Texas 
Dr. Sumner Davis 
Massachusetts Institute of Technology 
Cambridge, Massachusetts 
Yale University 
Nev1 Haven, Connecticut 
The Eagle-Picher Research Laboratories 
Joplin, Missouri 
I tem 
1 gm lanthanum 0x.ide 
1 gm cerium oxide 
l gm praseodymium oxide 
l gm neodymium oxide 
1 gm samarium oxide 
1 gm gadolinium oxide 
1 gm yttrium oxide 
100 mg terbium oxide 
100 mg dysp~osium oxide 
100 mg holmium oxide 
100 mg erbium oxide 
100 mg ytterbium oxide 
100 mg lutetium oxide 
1 gm neodymium ·oxide 
l gm dysprosium oxide 
l gm ·yttrium oxide 
l gm erbium ox±de 
1 gm terbium oxide 
l gm holmium oxid·e 
1 gm dys-prosium oxide 
40 gm gadolinium oxide 
10 gm terbium oxide 
20 gm holmium oxide 
5 gm thulium oxide 
20 gm dysprosium oxide 
20 gm erbium oxide 
1 gm lanthanum oxide 
1 gm cerium oxide 
1 gm praseodymium oxide 
1 gm neodymium oxide 
1 gm samarium oxide 
1 gm gadolinium o~ide 
1 gm yttrium oxide 
100 mg terbium oxide 
100 mg ·dysprosium ox~de 
100 mg holmium oxide 
100 mg erbium oxide 
100 mg ytterbium oxide 
100 mg thulium oxide 
100 mg lutetium oxide 
ISC-758 
Destination 
University of California 
Scripps Institution of Oceanography 
La Jolla, California 
Florida State University 
Tallahassee, Florida 
Professor Tarhen Huus 
Institute for Teoretish Fysik 
Copenhagen, Denmark 
Dr. Allen J. VanderWeyden, U.S.A.E.C. 
Li~ison Officer 
Atomic :Energy of Canada, Ltd. 
Chalk River, Ontario, Canada 
Dr. Jagdish Shanker 
Chemistry Division Department of 
Atomic Energy 
Government of India 
Bombay, India 
U.S.A.E.C. 
c/o Mallinckrodt Chern. Works 
Uranium Division 
St. Louis, Missouri 
Argonne National Laboratory 
Lemont, Illinois 
University of Saskatchewan 
Betatron Department 
Saskatoon, Saskatchewan, Canada 
Item 
______..... 
1 gm lanthanun1 oxide 
1 gm cerium oxide 
1 gm praseodymi um oxide 
1 gm neodymium oxide 
1 gm samari um oxide 
1 gm gadolini um oxide 
1 gm yttrium oxide 
100 mg terbium oxide 
100 gm dysprosium oxide 
100 mg holmium oxi de 
100 mg erbium oxide 
100 mg ytter bium oxide 
100 mg thul i um oxide 
100 mg lutetium oxide 
10 gm praseodymium oxide 
10 gm neodymium oxide 
100 mg terbium oxide 
2 gffi yttrium oxide 
2 gm dysprosium oxid~ 
2 gm ytterbium oxide 
1 gm gadolinium oxide 
1 gm dysprosium oxide 
100 mg holmium oxide 
100 mg terbium oxide 
100 mg dysprosium oxide 
100 mg erbium oxide 
100 mg thulium oxide 
1 sample gadolinium metal 
1 sample erbium metal 
25.6394 gm yttrium oxide 
50 gm lutetium oxide 
50 gm thulium oxide 
50 gm terbium oxide 
50 gm yttrium oxide 
50 gm holmium oxide 
ISC-758 
Destination 
Dr. Fisher 
c/o Air France Cargo Department 
New York International Airport · 
Jamaica, Long -!siana~-rrewroric 
Anaconda Aluminum Company 
Columbia Falls, Montana 
37 
Item 
25 gm neodymium oxide 
1 gm hafnium oxide 
